I. INTRODUCTION
Matrix converters posses advantages such as compact power circuit topology, the possibility of higher power density [I] , controllable input power factor [2] , [3] , and removal of DC Link capacitor [4] . Therefore, research attention has focused on the matrix converter topology for many applications in safety critical systems such as aerospace. Modulation methods and current commutation techniques of AC-AC matrix convert ers have been developed in literature [1] [5] [6] . Comparisons of the reliability between the matrix converter and other AC AC converter topologies are presented in the literature [7] [8] .
It is inevitable that a fault will occur during the systems lifetime. In order for continued operation, fault detection and diagnosis for the matrix converter must be both fast and reliable to minimize the hazard of over-voltage or over-current condition. There are many different types of faults which could occur in matrix converters, such as IGBT failure, diode failure, gate drive failure, and controller communication failure [9] . This paper focuses on open-circuit switch faults. Before doing fault detection and diagnosis, it is important to know how currents will recirculate in the clamp circuit during an open circuit fault condition. Simple AC-AC topologies such as 6-pulse diode rectifier and PWM inverter current recirculating behavior has been well understood in literature [10] [11] .
Since matrix converters have many switches and a diode clamp circuit is implemented for protection purpose, the current recirculating paths during an open circuit fault condition are not well understood in other literature. In literature [9] [12] [13] , the clamp circuit capacitor current knowledge is used for fault detection and diagnosis. An open circuit fault can be detected when the clamp circuit capacitor current is measured as a non-zero value. Another literature [14] [6] .
In order to demonstrate clearly how the outputs connect to the inputs during any input-ouput sector combination, TABLE III is presented to show which input phase is connected to the output phase a at any sector combination.
Output current sensors required for control purposes are usually placed after the clamp circuit. However, in this paper, the current sensors are connected in-between the switch matrix and the RL-load, ahead of the clamp circuit connection in order to implement fault detection technique [14] . Figure 2 and Figure 3 . These two current recirculating paths are drawn during zero and active vector period respectively, since the output matrix converter current will be measured within the zero vectors [14] In order to avoid a false diagnosis mentioned above, more expert knowledge is required such as input voltage amplitude and direction, output current amplitude and direction, and nine bidirectional switching states information to contribute to a fault detection technique.
III. SIMULATION DETAILS
A simulation of a matrix converter with close loop current operation system has been created using SYNOPSYS SABER.
The block diagram of the matrix converter system is presented in Fig 5 . 
A. Parameters of the simulation
Three phase input voltages and frequency are set to be 60V and 50Hz respectively. The reference balanced three phase output currents are set to be lOA nns, with the output frequency set to 180Hz. In addition, the SVM switching sequence is Oc - and back to the load, the output current can be detected in the output current sensor, which could avoid false diagnosis.
This current recirculating rule is extremely valuable and can contribute to a fault detection and diagnosis system to improve the precision of the fault detection and diagnosis method in matrix converters.
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